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Abstract 1 

Objective. We investigated maternal and paternal sleep evolution from 3 to 36 months 2 

postpartum, their interrelations and predictors in the SEPAGES cohort. 3 

Methods. Sleep information (night sleep duration [NSD], weekend daytime sleep duration 4 

[DSD] and subjective sleep loss [SSL]) was collected by self-administered questionnaires 5 

at 3, 18, 24 and 36 months postpartum in the SEPAGES French cohort that included 484 6 

mothers and 410 fathers. Group-based multi-trajectory modelling was used to identify 7 

maternal, paternal and couple sleep multi-trajectory groups among 188 couples reporting 8 

sleep data for at least 2 time points. Multinomial logistic regression was used to assess 9 

associations between parental sleep multi-trajectories and early characteristics such as 10 

sociodemographic, chronotypes, child sex, birth seasonality or breastfeeding duration. 11 

Results. We identified three maternal (M1-M3), paternal (F1-F3) and couple (C1-C3) sleep 12 

multi-trajectory groups with similar characteristics: a group with short NSD and high SSL 13 

prevalence (M1, F2, C2), a group with long NSD but medium SSL prevalence (M2, F3, 14 

C3) and a group with long NSD and low SSL prevalence (M3, F1, C1). Mothers with the 15 

shortest NSD (M1) were less likely to have a partner with long NSD (F2). As compared 16 

with long NSD and low SSL prevalence (C1), couples with short NSD and high SSL 17 

prevalence (C2) were less likely to have had a first child born in the autumn and fathers in 18 

C2 had a later chronotype. 19 

Conclusion. We identified distinct sleep multi-trajectory groups for mothers, fathers and 20 

couples from 3 to 36-month postpartum. Sleep patterns within couples were homogeneous.  21 

Disclosure. None 22 

 23 
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I. Introduction  1 

Healthy sleep, characterized as adequate duration, appropriate timing and good quality 2 

without disturbances, is a key element for a healthy life
1,2

. Appropriate night sleep duration 3 

(NSD) for healthy adults is from 7 to 9 hr per night on a regular basis
2
. Several factors have 4 

been reported to be cross-sectionally and longitudinally associated with sleep quantity and 5 

quality. In the general population, odds of self-reported short sleep less than 6 or 7 hr/night 6 

was found associated with high BMI and low socioeconomic position (i.e., low education 7 

level, unemployment and poor living condition) 
3,4

 as was poor sleep quality
5
. Additionally, 8 

cross-sectional studies suggested that late chronotype
3,6

 (i.e., preference for eveningness or 9 

later mid-sleep) is associated with short sleep duration in the general population. Sex 10 

differences in sleep duration have been reported. Men are more likely to report shorter 11 

sleep than women in the general population
7
 and among couples

8–11
. Despite longer sleep 12 

duration than men, women reported higher prevalence of poor sleep quality in the general 13 

young adult population
12

 and more frequent nocturnal disturbances when in a couple 14 

relationship
13

.  15 

Couples’ sleep is additionally altered by the arrival of a newborn. Mothers and fathers from 16 

the third to eighth postpartum weeks experienced greater sleep disturbances, lower sleep 17 

efficiency and sleepiness than childless couples
9,11,14

. US and German prospective cohort 18 

studies found that first-time mothers and fathers lost an average of about 40 min and 15 min 19 

of mean NSD as compared with pre-pregnancy NSD during the first
14

 and first 3 20 

postpartum months
15

, respectively. The German study additionally reported that women 21 

experienced a 1-hr reduction in NSD as compared with pre-pregnancy during the first 3 22 

months postpartum and then slowly recovered until 4 to 6 years postpartum
15

.  23 
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Parental sleep patterns can also vary according to child-specific factors such as child age, 1 

breastfeeding and the number of children they have. As example, parents with children up 2 

to age 2 years had lower sleep quantity
16

 and quality
17

 than those with older children. Also, 3 

breastfeeding has been associated with longer sleep duration of mothers or both parents up 4 

to 1 year postpartum as compared with bottle feeding
18

. Although those factors are 5 

associated with both maternal and paternal sleep, first-time mothers reported longer 6 

consecutive nocturnal sleep duration, fewer nocturnal awakenings and better sleep quality 7 

but with no difference in total NSD as compared with experienced mothers at 6 months 8 

postpartum
19,20

. Paternal sleep patterns did not differ according to parental experience
19,20

.  9 

However, previous studies have limitations. First, they included relatively small sample 10 

sizes between 50 and 100 couples
9,10,14,19

. Second, they were performed cross-11 

sectionally
14,17,19

 or longitudinally but only in early postpartum (i.e., up to 6 months)
9,10,21

, 12 

which may not fully reflect the parental sleep transition considering that parental sleep 13 

duration may not fully recover until 4 years after the birth of a first child
15

. Thus, a 14 

longitudinal study overviewing sleep transition from early postpartum and over few years 15 

would provide a better understanding of sleep in couples with a newborn. Third, they 16 

considered the global mean of parental sleep durations, which may not reflect the variety of 17 

sleep patterns across the population. The diversity of sleep evolutions over time could be 18 

better characterized by trajectory modelling, as has been reported in adults from general 19 

population
22

.  20 

Thus, our aims in this study were to identify 1) parents’ sleep evolution from 3 to 36 21 

months postpartum (as individuals and within couples) by using group-based multi-22 

trajectory modelling, which analyses multiple outcomes simultaneously and longitudinally, 23 
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and 2) sleep interrelations between maternal and paternal sleep multi-trajectory groups 1 

from 3 to 36 months postpartum.  2 

 3 

II. Methods  4 

II-1. Study design 5 

The Suivi de l’Exposition à la Pollution Atmosphérique durant la Grossesse et Effet sur la 6 

Santé (SEPAGES; https://cohorte-sepages.fr/en) cohort is aimed at characterizing the 7 

exposure to environmental contaminants and their influence on the health of pregnant 8 

women, fetuses, and children. The cohort details have been previously published
23

. Briefly, 9 

2,321 pregnant mothers were eligible: they were at less than 19 gestational weeks, older 10 

than 18 years, had a singleton pregnancy, lived in the Grenoble area (France) and planned 11 

to give birth in one of the four maternity clinics involved in the study. Participation rate 12 

was 21%, and 484 mothers were included. Male partners (n=410) were included when they 13 

were older than 18 years old and had social insurance. Data collection started in the first or 14 

the very beginning of the second trimester of pregnancy and regularly up to 36 months. 15 

There was no compensation for taking part in the study. 16 

Participating mothers and fathers signed consent for themselves and their child. The 17 

SEPAGES cohort obtained approval from the Comité de Protection des Personnes Sud-Est 18 

V (CPP) and the Commission Nationale de l’Informatique et des Libertés (CNIL), the 19 

French data privacy institution
23

.  20 

 21 

II-2. Data collection 22 

II-2-1. Main measures for postpartum sleep trajectory modelling 23 

https://cohorte-sepages.fr/en
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Maternal and paternal sleep information were collected by self-administered questionnaires 1 

at 3, 18, 24 and 36 months postpartum. Bedtime and wake-up times were collected for both 2 

weekdays and weekend days at each time point with the questions “What time do you go to 3 

bed?” and “What time do you wake up?”. Mean NSD for the total week was calculated in 4 

hours and minutes. Daytime sleep duration during weekdays and weekend days was 5 

collected by 2 questions: “Do you take nap? (Y/N)” and “How long do you take nap?”. 6 

Weekday naps were infrequent among mothers and fathers between 3 and 36 months 7 

postpartum (<10%) except for mothers at 3 months postpartum (14.6%) and was more 8 

common during weekend days (>45.0%), so we considered only weekend daytime sleep 9 

duration (weekend DSD) in the analysis. Subjective sleep loss (SSL) was collected by the 10 

question “Do you think you do not have enough sleep? (Y/N)”.  11 

Because parental NSD might be affected by the frequency of child night wakings, 12 

especially in the early months postpartum, we performed a sensitivity analysis using the 13 

recalculated mean NSD accounting for child night waking frequency. Information on child 14 

night waking was collected with 2 questions: “How many nights does your child wake up 15 

during the night? (Never or almost; sometimes; one in two nights; and every night or 16 

almost)” and “How many times per night did your child wake up? (Once a night; and at 17 

least twice a night)”. We arbitrary subtracted 30 min per night waking from both maternal 18 

and paternal NSD at each age. Thus, we deducted 1 hr of NSD when child night waking 19 

occurred at least twice a night, every night or almost every night; 30 min of NSD when 20 

child night waking occurred once a night, every night or almost every night or one in two 21 

nights at least twice a night; and 15 min of NSD when child night waking occurred once in 22 
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two nights. We performed no deduction for couples reporting that the child never or almost 1 

never woke up or only woke up sometimes. 2 

 3 

II-2-2. Early predictors of sleep patterns 4 

Household socioeconomic, demographic and maternal or paternal factors were collected at 5 

inclusion for both the mother and father: education attainment (below bachelor, Y/N), 6 

working during pregnancy (Y/N), work qualification (labourer and employee, intermediate 7 

profession, and executive or higher intellectual profession), age at conception, and pre-8 

pregnancy BMI. Nationality (European or not) was also collected but not accounted for 9 

because of low variability (only 2 individuals were of non-European origin). The Hospital 10 

Anxiety and Depression scale (HAD), validated in French general population
24

, was used to 11 

estimate the presence of anxiety and depressive symptoms in the 2
nd

 trimester of pregnancy 12 

for fathers and the 3
rd

 trimester for mothers. A score ≥8 was considered presence of anxiety 13 

or depressive symptoms
25

 (Cronbach’s alpha=0.79). Maternal and paternal chronotype were 14 

estimated by the Munich Chronotype Questionnaire
26

 at 1 year postpartum and 15 

corresponded to mid-sleep time on free days accounting for sleep debt (Cronbach’s 16 

alpha=0.70). Tobacco smoking during pregnancy (Y/N) was collected for only mothers. 17 

Finally, the early child’s characteristics were collected at birth from parental-reported 18 

questionnaires and the medical record, including the delivery method (caesarean section or 19 

vaginal delivery), sex, birth term (weeks), birth weight (kg), and being a first child (Y/N). 20 

Childbirth seasonality was estimated based on the month of birth and classified as spring 21 

(Mar-May), summer (Jun-Aug), autumn (Sep-Nov), and winter (Dec-Feb). Information on 22 

breastfeeding was collected at age 2, 18, 24 and 48 weeks postpartum and dichotomised as 23 
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breastfed for ≥ 26 weeks (Y/N). In a sensitivity analysis, we additionally included maternal 1 

weekday nap at 3 months postpartum (Y/N) as a covariate. 2 

 3 

II-3. Statistical methods 4 

All statistical analysis was performed with SAS® v9.4 (SAS Institute Inc, Cary, NC, USA).  5 

 6 

II-3-1. Multi-trajectory modelling 7 

The group-based multi-trajectory modelling method (PROC TRAJ procedure) developed 8 

by Nagin et al.
27–31

 was used to identify maternal, paternal and couple sleep multi-trajectory 9 

groups based on NSD, weekend DSD and SSL between 3 and 36 months postpartum. The 10 

method is based on the underlying assumption that the population consists of a mixture of 11 

distinct groups defined by individual differences in each trajectory, which is considered to 12 

approximate population distribution and their shape. The method identifies latent groups of 13 

individuals following similar trajectories across multiple outcomes of interest; thus, each 14 

multi-trajectory group is defined by a set of trajectories for multiple outcomes, modelled 15 

using polynomial functions of time
30

. Each mother, father and couple were included in the 16 

multi-trajectory modelling if information on sleep characteristics was available for at least 17 

at 2 of 4 time points collected for both parents, in order to characterize their 18 

interrelationships within the couple. Different models of 2 to 5 multi-trajectory groups were 19 

computed separately for mothers, fathers and couples. The best-fitting models were 20 

selected according to Bayesian information criteria (BIC) and were verified according to 21 

the recommended criteria: the average probability of belonging to each trajectory (≥0.7), 22 

the odds of correct classification (≥5) and the similarity between the model’s estimation of 23 
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the trajectory prevalence and the actual prevalence
27,29

. Each individual or couple was 1 

assigned to the sleep multi-trajectory group to which they had the highest probability of 2 

belonging. In sensitivity analyses, multi-trajectory modelling was re-run using the re-3 

calculated mean NSD after accounting for child night waking frequency at each age. 4 

 5 

II-3-2. Association analysis 6 

Confounding factors in the analysis of the association between maternal and paternal sleep 7 

multi-trajectory groups were identified from the literature and by using a directed acyclic 8 

graph
32

. Potential factors associated with couples’ sleep multi-trajectory groups were 9 

identified from the literature only. Multiple imputation with fully conditional specification 10 

(SAS 9.4: MI procedure, FCS option) was used to impute missing covariate data (4.9%) on 11 

a variable-by-variable basis; nominal and ordinal variables were imputed by multinomial 12 

logistic regression and continuous variables by linear regression. Twenty datasets were 13 

established and analyzed. Pooled effect estimates were calculated (SAS 9.4: MIANALYSE 14 

procedure) according to Rubin’s rules
33

. Associations between maternal and paternal sleep 15 

multi-trajectory groups and then between couples’ sleep multi-trajectory groups and 16 

potentially associated covariates were assessed with multinomial regression analysis. 17 

Additional multinomial logistic regression was used to determine how mothers’ or fathers’ 18 

sleep characteristics were modified with the presence of their partners within couples and 19 

thus assessed the relations between maternal or paternal sleep multi-trajectory groups and 20 

couples’ sleep multi-trajectory groups. In all analyses, the chosen reference group was the 21 

one the closest to the recommended sleep duration in adulthood and lowest prevalence of 22 
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SSL (i.e., M3, F1 and C1 for mothers, fathers and couples, respectively). The level of 1 

significance was defined by p < 0.05. 2 

 3 

III. Results 4 

III-1. Population characteristics  5 

As our main aim was to characterize sleep interrelationships within couples, the included 6 

individuals had to be in couples and have available sleep data for trajectory modelling. Of 7 

the 484 women and 410 men registered in the cohort, sleep data were available for 339 8 

women and 212 men, making in 188 couples eligible for the study (Figure 1). Their 9 

characteristics are presented in Table 1. Maternal NSD, weekend DSD and SSL did not 10 

significantly differ at any time-point by their partners’ inclusion (data not shown). As 11 

compared with excluded mothers (n=296), included mothers were more frequently in an 12 

executive or higher intellectual profession (57.3% vs 46.1%, p=0.01) (Table 2). As 13 

compared with excluded fathers (n=222), included fathers had lower BMI (23.8 vs 24.8 14 

kg/m², p=0.004), less frequently had anxiety symptoms during their partner’s pregnancy 15 

(20.7% vs 31.1%, p=0.05) and more frequently had an earlier chronotype (3h12 vs 3h30, 16 

p=0.04). Other maternal, paternal and child characteristics did not differ between included 17 

and excluded individuals. 18 

Overall, from 3 to and 36 months postpartum, mean NSD and weekend DSD were longer 19 

for mothers than fathers, but the prevalence of SSL was lower and more stable over time 20 

for fathers compared to mothers (Table 2).  21 

 22 

III-2. Identification of multi-trajectory groups of sleep patterns  23 
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The best maternal sleep multi-trajectory model was a 3-group model illustrated in Figure 1 

2A. All trajectories were best explained by a linear or constant relationship except for the 2 

NSD trajectory of group 1, which was best explained by a cubic shape. Mothers belonging 3 

to group M1 (19.7% of mothers, n=37) had the shortest mean NSD, at 7h48, between 3 and 4 

18 months, decreasing to a plateau at 7h36 from 24 months postpartum. This group also 5 

had a short mean weekend DSD, decreasing from 13 to 2 min between 3 and 18 months and 6 

then remaining stable. This DSD corresponded to a stable mean DSD of 60 min in a 7 

decreasing proportion of napping mothers (18.9% to 2.7%). In addition, this group showed 8 

a high prevalence of SSL (about 80%) between 3 and 36 months with a peak of 86% at 24 9 

months postpartum. Mothers belonging to group M2 (33.0% of mothers, n=62) had a mean 10 

NSD decreasing from 8h30 to 8h between 3 and 18 months and then remaining stable; a 11 

long mean weekend DSD varying from 61 to 50 min, corresponding to 65 and 57 min for 12 

those who napped (range 90.3% to 66.1%); and very high SSL prevalence, fluctuating from 13 

89% and 95% between 3 and 36 months postpartum. Mothers belonging to group M3 14 

(47.3%, n=89) had the longest mean NSD, decreasing from 9h18 to 8h42 between 3 and 18 15 

months and then remaining stable; a moderate and decreasing weekend DSD from 33 to 21 16 

min between 3 and 36 months, corresponding to 61 and 49 min for 46.1% to 37.1% of 17 

napping mothers; and a decreasing SSL from 62% to 32.8% between 3 and 24 months, then 18 

remaining stable. The latter group, with the most optimal sleep patterns, was chosen as the 19 

reference group for association analyses. 20 

The best paternal sleep multi-trajectory model was also a 3-group model illustrated in 21 

Figure 2B. Similar to maternal trajectories, all trajectories were best explained by a linear 22 

or constant shape. Fathers belonging to group F1 (37.2% of fathers, n=70) had a stable 23 
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mean NSD of about 8 hr; a short and stable mean weekend DSD (≈1min), corresponding to 1 

a DSD of 37 to 21 min in 4.3% and 2.9% of napping fathers; and a relatively low stable 2 

prevalence of SSL (≈33%) between 3 and 36 months postpartum. Fathers belonging to 3 

group F2 (18.6%, n=35) had a stable but relatively short mean NSD of about 7 hr from 3 to 4 

36 months postpartum; a stable mean weekend DSD of about 9 min, corresponding to about 5 

33 min among fathers taking naps (25.7% at 3 months and 17.1% at 36 months postpartum) 6 

but with a small peak at 24 months postpartum (up to 14 min for the whole population and 7 

52 min for 22.3% of napping fathers); and very high decreasing prevalence of SSL of 8 

95.4% to 80.4% between 3 and 36 months postpartum. Fathers belonging to group F3 9 

(44.7%, n=83) had a stable mean NSD of about 8h20; a relatively long and increasing 10 

weekend DSD from 33 to 42 min, corresponding to 45 and 49 min for napping fathers 11 

(65.1% at 3 months and 75.9% at 36 months); and a stable prevalence of SSL of about 50% 12 

from 3 to 36 months postpartum. The group F1, showing the most optimal mean NSD and 13 

the lowest prevalence of SSL between 3 and 36 months postpartum, was chosen as the 14 

reference group for association analyses. 15 

The best couple sleep multi-trajectory model was a 3-group model illustrated in Figure 2C. 16 

All trajectories were best explained by linear or constant shapes except for the NSD 17 

maternal trajectory in group C1, which was best explained by a cubic shape. Couples 18 

belonging to group C1 (29.2% of couples, n=55) had a mean maternal NSD decreasing 19 

from 9h20 to 8h20 between 3 and 24 months postpartum and a stable paternal NSD at 8h20 20 

and a stable and short mean maternal and paternal weekend DSD of ≈10 min and ≈5 min, 21 

respectively. The weekend DSD corresponded to about 45 min for napping mothers (20% 22 

of mothers) and 35 to 25 min for napping fathers (20% of fathers at 3 and 36 months, 11% 23 



 

16 
 

and 16% at 18 and 24 months). In this group of couples, the maternal prevalence of SSL 1 

was 58% at 3 months, decreasing to 31% from 18 to 36 months postpartum, and the 2 

paternal SSL rate was stable (≈30%). Couples belonging to group C2 (27.6%, n=52) had a 3 

stable mean NSD of 7 to 8 hr for both parents; a decreasing maternal mean weekend DSD 4 

from 41 to 23 min between 3 and 18 months, corresponding to 65 and 50 min for napping 5 

mothers (53.8% at 3 months and 32.7% at 18 months), then remaining stable (≈55 min for 6 

43% of napping mothers); a stable paternal mean weekend DSD of about 10 min for all 7 

fathers and about 40 min for napping fathers (≈25% up to 24 months and 17.3% at 36 8 

months postpartum); and a very high prevalence of SSL for both parents (90% to 86% for 9 

mothers and 76% to 61% for fathers). Couples belonging to C3 (43.1%, n=81) had a mean 10 

maternal and paternal NSD of 8 to 9 hr, a mean weekend DSD decreasing from 54 to 41 11 

min between 3 to 36 months postpartum for all mothers (from 65 to 57 min in napping 12 

mothers (79.0% and 59.3%, respectively) but increasing from 28 to 39 min for all fathers 13 

(50 to 53 min for 51.9% to 65.4% of napping fathers), and a stable but relatively high SSL 14 

(≈70% for mothers and ≈55% for fathers) between 3 and 36 months postpartum. The group 15 

C1, with the most optimal sleep patterns for both mothers and fathers, was chosen as the 16 

reference group for association analyses.  17 

Sensitivity analysis using the recalculated NSD according to frequency of child night 18 

waking identified similar sleep multi-trajectory groups (number, shape and proportion of 19 

individuals per groups) but with lower NSD at 3 and 18 months, especially in the groups 20 

with already the shortest NSD (appendix 1, 2).  21 

 22 
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III-2-2. Interrelations between maternal, paternal and couples’ sleep multi-trajectory 1 

groups 2 

Results from unadjusted and adjusted multinomial regression analyses between maternal 3 

and paternal sleep multi-trajectory groups are presented in Table 3. The odds of the father 4 

belonging to F3 (long NSD, longest weekend DSD and moderate level of SSL) were 5 

decreased with maternal membership in M1 (shortest NSD and weekend DSD, relatively 6 

high SSL). No other association was observed between the maternal and paternal sleep 7 

multi-trajectory groups.  8 

The distribution of each maternal and paternal sleep multi-trajectory groups within couples’ 9 

sleep multi-trajectory groups is presented in Table 4. Briefly, fathers in each individual 10 

sleep group were more frequently distributed within the corresponding couples’ sleep 11 

multi-trajectory groups: 52.9% of fathers belonging to F1, 82.9% to F2 and 75.9% to F3 12 

were distributed within the couples’ multi-trajectory groups C1, C2 and C3, respectively. 13 

The distribution of individual mothers’ sleep multi-trajectory groups within couples’ sleep 14 

multi-trajectory groups was more diverse. More than half of the mothers belonging to 15 

groups M1 (53.7%) and M2 (64%) belonged to groups C2 and C3, respectively, whereas 16 

the mothers belonging to group M3 were almost equally distributed between groups C1 17 

(47.0%) and C3 (44.6%).  18 

 19 

III-2-3. Covariates associated with couples’ sleep multi-trajectory 20 

Results from unadjusted and adjusted multinomial regression analyses are in Table 5. 21 



 

18 
 

In the adjusted model, the odds of the couple belonging to C2 versus C1 were associated 1 

with later paternal chronotype, whereas the odds of belonging to C2 versus C1 were 2 

decreased when the child was the first child and was born in autumn. No studied factors 3 

differentiated the odds of belonging to C3 versus C1. 4 

The results obtained in the sensitivity analysis, additionally adjusting for maternal weekday 5 

nap at 3 months postpartum, were similar. In the sensitivity analysis, the odds of belonging 6 

to C2 versus C1 were decreased with having first child. The associations between C2 7 

membership and both later paternal chronotype and having a child born in autumn became 8 

borderline significant but with stable effect sizes (appendix 3).  9 

 10 

IV. Discussion  11 

To the best of our knowledge, this is the first study to describe longitudinal patterns of 12 

sleep duration identified by multi-trajectories in mothers and fathers during 36 months 13 

postpartum and to assess their early correlates. Overall, we identified 3 sleep multi-14 

trajectories among mothers and fathers as individual and in couple, and both maternal and 15 

paternal NSD was longer as compared with other populations even among the shortest 16 

sleeping groups (M3 and F3). We also identified that paternal chronotype, having their first 17 

child and giving birth in autumn are associated with couples’ sleep. 18 

In this study, maternal mean NSD ranged from 8 to 9 hr between 3 and 36 months 19 

postpartum, with a decrease between 3 and 18 months postpartum. For instance, US 20 

mothers reported a mean NSD from 6h30 to 7h00 between 7 weeks
9
 and 5 months 21 

postpartum
34,35

. Canadian mothers reported less than 7h00 of NSD at 2 and 6 months 22 

postpartum
19,36,37

; while NSD was objectively measured by accelerometry at 7h28 at the 23 



 

19 
 

same period
37

. Breastfeeding Chinese mothers also reported about 7h00  of NSD from 2 to 1 

7 months postpartum, and about 7h30 at 12 to 17 months
38

. Mean paternal NSD was stable, 2 

about 8 hr, from 3 to 36 months postpartum. It was also longer in our study than in other 3 

studies: the mean NSD was 6h11 at 7 weeks postpartum among US fathers
9
 and about 7h20 4 

by subjective and objective measures among Canadian fathers at 6 months postpartum
39

. 5 

Both maternal and paternal NSD in our study were also longer than the mean NSD reported 6 

in a French general population survey in 2010, reporting 7h30 to 7h15 NSD for women and 7 

7h00 to 6h50 NSD for men between ages 26 and 44 years
40

.  8 

The long sleep duration of the study population may be due to the subjective sleep 9 

measurement based on self-reports that better reflect time in bed than sleep duration. 10 

Although most parental sleep studies measured maternal or paternal sleep by sleep 11 

diaries
19,36

 or validated questionnaires
9,10

, self-reported sleep based on bedtime and wake-12 

up time is widely used in epidemiological studies of sleep in general populations
37,38

. We 13 

did not collect data on the frequency and duration of parental night waking, but we 14 

considered the frequency of the child’s night waking in a sensitivity analysis showing that 15 

parental NSD was low from 3 to 18 months postpartum but remained longer than the 16 

parental sleep duration reported in other populations
9,19,38,39

. Another explanation for the 17 

observed long sleep durations may be the specificity of the study population. The included 18 

fathers and mothers had high socioeconomic status, low BMI and long breastfeeding 19 

duration, which may reflect families that are more likely to follow healthy lifestyle 20 

recommendations
41

, including sleep recommendations.   21 

Despite a long NSD, we observed a prevalence of SSL > 50% for mothers and fathers in all 22 

groups up to 36 months postpartum, with a higher prevalence of SSL (up to 70%) in 23 
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mothers from 3 to 18 months postpartum. Although SSL is a measure of subjective lack of 1 

sleep quantity, our high prevalence of SSL may be an indicator of poor sleep quality, given 2 

the high level of reported NSD in this population. In particular, mean NSD and weekend 3 

DSD were longer for mothers than fathers, which is consistent with previous findings
8–11

, 4 

but maternal SSL was still higher than paternal SSL, which suggests that mothers would 5 

experience more sleep disturbances in the postpartum period up to 24 months after birth 6 

and is consistent with previous publications
10,11,17,37,42

. Thus, higher maternal prevalence of 7 

SSL could reflect lighter sleep, modified arousal thresholds or greater maternal 8 

involvement in global and night-time care, at least in the early postpartum period
19,43

.  9 

All maternal, paternal and couple sleep characteristics were classified into 3 distinct multi-10 

trajectory groups with different sleep patterns. Mothers and fathers in the same couple 11 

multi-trajectory group exhibited similar sleep patterns. A cross-sectional laboratory study 12 

showed that couples sleeping together had more synchronized sleep stages than those 13 

sleeping individually
44

, which suggests similar sleep characteristics. However, the 14 

distribution between individual and couple multi-trajectory groups exhibited larger 15 

differences for maternal than paternal sleep multi-trajectory groups, so mothers might be 16 

more likely to adapt their sleep to their partner’s sleep or synchronize their sleep with their 17 

partner’s. This finding is consistent with the hypothesis reported by a systematic review of 18 

14 studies on co-sleeping couples in general populations
13

.  19 

We assessed early correlates regarding couples’ sleep evolution. Firstly, fathers with the 20 

later chronotype frequently belonged to the couples’ group with the shortest mean NSD and 21 

highest SSL for both mothers and fathers. In childless couples, chronotypes (morning–22 

evening preference) have been found correlated within couples,
45

 and couples with both 23 
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members of the morning type have better sleep quality and less insomnia symptoms than 1 

couples with both members of evening types
46

. However, men are known to have later 2 

chronotypes than women,
13

 and the later chronotype is associated with short sleep 3 

duration
47

 as was observed for fathers in C2 (constantly lower NSD between 1h00 and 1h30 4 

than in other couples groups). In addition, couples less frequently belonged to the couples’ 5 

group with the shortest mean NSD and highest SSL for both mothers and fathers when their 6 

child was a first child and born in autumn. Having multiple children would increase the 7 

burden of child care, as previously suggested
19,20

, which may lead to a short sleep duration. 8 

People tend to sleep longer during the winter season than other seasons
48

 and infants and 9 

toddlers sleep more deeply during the darker seasons
49

. Thus, this seasonal effect may 10 

translate into better sleep quantity/quality at age 3 months (i.e., our first time point in 11 

winter) in children born in autumn, which could result in better sleep consolidation and 12 

quality up to 36 months of age and thus less disturb parental sleep. This hypothesis should 13 

be confirmed by other studies. 14 

This study has several strengths and some limitations. First, the prospective cohort design 15 

with repeated follow-up from 3 to 36 months postpartum provided longitudinal data with 16 

high accuracy and low memory bias. Second, the cohort included paternal information, thus 17 

allowing the study of both individuals and couples sleep changes over time, whereas most 18 

previous studies focused on only maternal sleep
50–52

. Third, the use of the group-based 19 

multi-trajectory modelling
29,30

 method allowed for longitudinal analysis of maternal, 20 

paternal, and couple sleep patterns from 3 to 36 months postpartum by simultaneously 21 

accounting for multiple measures of sleep (nighttime, daytime, and perceived sleep 22 

deprivation), which allowed for a better characterization of parents’ overall sleep patterns 23 
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over time. Most previous studies investigating longitudinal analysis of sleep in adults using 1 

trajectory modelling reported only one sleep characteristic, mainly total sleep duration
53

. 2 

Fourth, the group-based multi-trajectory modelling method allowed for including missing 3 

data, and we included individuals and their partners with sleep data available for at least 2 4 

of 4 time-point measurements to maximize the study sample size. Nevertheless, this led to 5 

the exclusion of approximately 60% of the cohort population. It could have led to 6 

population selection bias, but individual sleep characteristics did not differ by study 7 

inclusion, which suggests that the impact of the exclusion may be small. Therefore, 8 

although the sample size of 188 couples is larger than previous studies of couples’ sleep at 9 

a new birth
10,15,19,21

, the population size may not be sufficient to capture associations 10 

between couples’ sleep and the factors we considered. Nonetheless, we were able to control 11 

for several potential factors influencing couples’ sleep multi-trajectory groups, including 12 

parental chronotypes, child rank and birth seasonality. Fifth, sleep was subjectively 13 

assessed through self-questionnaires. However, to minimize recall bias, questions were 14 

asked at each time point on current bedtime and wake-up time during both weekdays and 15 

weekend days, as commonly used in epidemiological studies
37,38

 as well as questions on 16 

naps and subjective sleep loss reflecting their own perception of their sleep. Lastly, we only 17 

included heterosexual couples. Our results may not be generalizable, especially to same-sex 18 

couples and single parents. 19 

 20 

VI. Conclusion 21 

Using an original modelling method, this study sheds new light on changes in maternal, 22 

paternal and couple sleep between 3 and 36 months postpartum. For each category, we 23 
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identified 3 different groups of sleep characteristics, including nighttime and daytime sleep 1 

duration and subjective sleep loss. Women were more likely to adopt their male partners’ 2 

sleep patterns, and so the couples tended to have similar sleep characteristics. Further 3 

studies are needed to investigate the longitudinal relations between parental and child sleep 4 

patterns in the postpartum period up to toddlerhood to better characterize interrelationship 5 

of sleep within families and to develop potential prevention strategies.  6 

 7 

List of abbreviations 8 
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Figure 1. Flowchart of the population. 
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Figure 2. Sleep multi-trajectories from 3 to 36 months postpartum in the SEPAGES cohort. 

A) Maternal sleep multi-trajectories (M1-M3). 1: M1 (N=37, 19.7%), 2: M2 (N=62, 33.0%), 

3: M3 (N=89, 47.3%). Lines represent mean night and weekend daytime sleep duration and 

subjective sleep loss trajectories.; B) Paternal sleep multi-trajectories (F1-F3). 1: F1 (N=70, 

37.2%), 2: F2 (N=35, 18.6%), 3: F3 (N=83, 44.1%). Lines represent mean night and 

weekend daytime sleep duration and subjective sleep loss trajectories.; C) Couple sleep 

multi-trajectories (C1-C3). M: maternal, F: paternal, C1 (N=55, 29.2%), C2 (N=52, 27.6%) 

and C3 (N=81, 43.1%). Lines represent mean night and weekend daytime sleep duration 

and subjective sleep loss trajectories.  
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Table 1 Population characteristics 

 

Mothers (N=484) Fathers (N=410) 

Included  

%(N) or 

mean (±SD)* 

(N=188) 

Excluded  

%(N) or 

mean (±SD)* 

(N=296) 

P Missing 

from 

included 

population 

Included  

%(N) or 

mean (±SD)* 

(N=188) 

Excluded  

%(N) or 

mean (±SD)* 

(N=222) 

P-

value 

Missing 

from 

included 

population 

Parental demographic factors                  

Education below bachelor level 13.9 (26) 19.3 (57) 0.12 1 17.2 (31) 21.9 (25) 0.32 8 

Working during pregnancy  88.1 (163) 87.6 (226) 0.87 3 100.0 (188) 100.0 (112) - 0 

Work qualification during pregnancy     0.01 24     0.09 28 

  Executive or higher intellectual profession 57.3 (94) 46.1 (100)   72.5 (116) 62.4 (63)    

  Intermediate profession 18.3 (30) 15.2 (33)   16.3 (26) 16.8 (17)    

  Labourer and employee 24.4 (40) 38.7 (84)   11.3 (18) 20.8 (21)    

Parental characteristics                

Age at conception 32.8 (±3.5) 32.3 (±4.1) 0.11 0 35.5 (±4.2) 35.1 (±4.7) 0.55 21 

Pre-conceptional BMI* 22.0 (±3.3) 22.6 (±4.1) 0.06 1 23.8 (±3.7) 24.8 (±3.5) 0.004 1 

HAD* anxiety score >8 during pregnancy 32.3 (60) 33.5 (85) 0.79 2 20.7 (36) 31.1 (33) 0.05 14 

HAD* depression score >8 during pregnancy 13.4 (25) 13.8 (35) 0.91 2 4.6 (8) 7.7 (8) 0.28 14 
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Mother smoking during pregnancy 5.6 (10) 7.6 (19) 0.40 8         

C-section delivery   14.9 (28) 18.2 (53) 0.34 0         

Chronotype/midsleep   3h00 (±0h36) 3h12 (±0h42) 0.17 48 3h12 (±0h42) 3h30 (±0h42) 0.04 33 

Child characteristics             

First child  45.2 (85) 46.6 (138) 0.76 0         

Boy  55.3 (104) 52.7 (154) 0.58 0         

Gestational age (weeks)   39.3 (±1.4) 39.2 (±1.7) 0.70 0         

Birth weight (kg)   3.3 (±0.4) 3.3 (±0.5) 0.96 0         

Childbirth seasonality    0.17 0     

 Spring 17.6 (33) 22.9 (67)       

 Summer 27.1 (51) 28.8 (84)        

 Autumn 34.6 (65) 25.7 (75)        

 Winter 20.7 (39) 22.6 (66)        

Breastfeeding <26 weeks  43.7 (80) 49.6 (128) 0.22 5     

*Abbreviations: %: percentage, N: number; SD: standard deviation; BMI: body mass index, HAD: Hospital Anxiety and Depression scale. 
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Table 2 Maternal and paternal sleep characteristics at each time point postpartum (N=188) 

 Nighttime sleep duration Weekend daytime sleep duration Weekday daytime sleep duration Subjective sleep loss 

   All  Those who nap  Those who nap    

  N Mean (SD; range) N Mean (SD)  % (N) Mean (SD)  % (N) Mean (SD)  Freq % (N) 

Maternal sleep characteristics        

3 m 173 8h46 (1h05; 5h30-12h00) 171 0h34 (45 min) 61.0 (105)  1h02 (33 min) 15.5 (23) 0h55 (35 min) 74.6 (129) 

18 m 141 8h18 (0h20; 6h24-10h39) 142 0h28 (41 min) 52.8 (75) 0h53 (34 min) 2.9 (4) 0h17 (15 min) 71.6 (101) 

24 m 168 8h15 (0h48; 4h30-10h43) 164 0h29 (41 min) 53.9 (89) 1h02 (53 min) 4.2 (7) 0h35 (31 min) 62.6 (104) 

36 m 181 8h16 (0h46; 5h21-11h09) 182 0h29 (38 min) 49.4 (90) 0h55 (34 min) 5.0 (9) 0h46 (59 min) 61.5 (112) 

Paternal sleep characteristics        

3 m 169 8h08 (0h49; 4h34 -10h00) 169 0h17 (26 min) 39.6 (67) 0h44 (23 min) 5.9 (10) 0h15 (11 min) 53.3 (88) 

18 m 137 8h00 (0h42; 6h11-9h47) 134 0h19 (26 min) 43.3 (61) 0h43 (23 min) 5.8 (8) 0h23 (19 min) 50.4 (68) 

24 m 167 7h59 (0h44; 4h17- 9h43) 165 0h22 (31 min) 43.6 (74) 0h49 (29 min) 5.4 (9) 0h24 (22 min) 52.1 (87) 

36 m 161 8h01 (0h43; 5h30-10h15) 159 0h21 (30 min) 45.3 (74) 0h47 (29 min) 8.9 (15) 0h25 (31 min) 50.6 (81) 

m = months  
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Table 3 Interrelations between maternal (M1-M3) and paternal (F1-F3) sleep multi-trajectories (N=188 pairs) 
 

 Unadjusted  Adjusted
c
 

 M1 
a
 M2 

a
 M3 

a
  

 

M1 
a
 M2 

a
 M3 

a 
 

 OR (95% CI) OR (95% CI) (reference)   OR (95% CI) OR (95% CI) (reference) 

F1
 b

 (reference)
 
 - - - F1

 b
 (reference) - - - 

F2
 b

 1.34 (0.50-3.58) 1.06 (0.39-2.91) - F2 
b
 1.32 (0.40-4.41) 1.01 (0.32-3.22) - 

F3
 b

 0.32 (0.13-0.81) 1.11 (0.53-2.32) - F3 
b
 0.29 (0.10-0.80)  1.19 (0.54-2.63) - 

ᵃ M1: Shortest night and DSD, and high SSL; M2: Long NSD and DSD, and highest SSL; M3: Longest NSD, moderate DSD and lowest SSL  

b 
F1: Long NSD, short DSD and low SSL; F2: Shortest NSD and DSD, highest SSL; F3: Long NSD and DSD, moderate SSL 

c
 Adjusted for maternal education attainment, maternal work qualification, maternal age, maternal pre-conceptional age, maternal and paternal anxiety and 

depression during pregnancy and maternal and paternal chronotype. 

NSD: Nighttime sleep duration; DSD: Daytime sleep duration; SSL: subjective sleep loss 
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Table 4 Distribution of maternal (M1-M3) and paternal (F1-F3) sleep multi-trajectory groups according to couples (C1-C3) sleep multi-trajectory groups 

(N=188) 

 

 

 

 

 

 

ᵃ C1: Long NSD, short DSD and low SSL; C2: Shortest NSD and DSD, highest SSL; C3: Long NSD and DSD, moderate SSL 

b 
M1: Shortest NSD and DSD, and high SSL; M2: Long NSD and DSD, and highest SSL; M3: Longest NSD, moderate DSD and lowest SSL  

c
 F1: Long NSD, short DSD and low SSL; F2: Shortest NSD and DSD, highest SSL; F3: Long NSD and DSD, moderate SSL 

NSD: Nighttime sleep duration; DSD: Daytime sleep duration; SSL: subjective sleep loss 

 

Sleep multi-trajectory groups Couples 

   

C1 
a 

C2 
a
 C3 

a
 

  

N 55 52 81 

Maternal  

     

 

M1
 b

 37 39.0% 53.7% 7.3% 

 

M2
 b

   62 0.0% 35.9% 64.1% 

 

M3
 b

 89 47.0% 8.4% 44.6% 

Paternal 
 

     

 

F1
 c
 70 52.9% 22.9% 24.3% 

 

F2
 c
 35 14.3% 82.9% 2.9% 

 

F3
 c
 83 15.7% 8.4% 75.9% 
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Table 5 Unadjusted and adjusted multinomial logistic regression for couples sleep multi-trajectory groups (N=188; C1 was the reference) 

  

Unadjusted model Adjusted model 

  

C2 
a 
(N=52) C3 

a 
(N=81) C2 

a 
(N=52) C3 

a 
(N=81) 

    OR (95% CI) ᵇ OR (95% CI) ᵇ  OR (95% CI) ᵇ  OR (95% CI) ᵇ  

Parental demographic factors      

Maternal education below bachelor level  1.43 (0.86-2.38) 0.80 (0.46-1.40) 1.98 (0.94-4.18) 0.76 (0.38-1.49) 

Maternal work 

qualification 

Executive or higher intellectual 

profession reference reference reference reference 

 

Intermediate profession 0.92 (0.44-1.94) 1.13 (0.61-2.09) 0.72 (0.30-1.77) 1.05 (0.52-2.13) 

 Labourer 0.86 (0.45-1.67) 0.77 (0.44-1.36) 0.62 (0.25-1.53) 0.90 (0.45-1.80) 

Parental characteristics      

Maternal age  1.07 (0.96-1.19) 1.06 (0.96-1.17) 0.99 (0.85-1.15) 1.02 (0.89-1.15) 

Maternal pre-conceptional BMI  1.11 (0.98-1.25)  1.04 (0.93-1.17) 1.08 (0.94-1.25) 1.07 (0.94-1.21) 

Mother HAD anxiety scale>8 during pregnancy 1.27 (0.83-1.95) 1.36 (0.93-2.00) 1.20 (0.72-1.98) 1.27 (0.83-1.96) 

Mother HAD depression scale>8 during pregnancy 0.93 (0.52-1.65) 1.05 (0.64-1.72) 0.67 (0.31-1.43) 0.86 (0.47-1.59) 

Father HAD anxiety score >8 during pregnancy 0.97 (0.57-1.66) 1.08 (0.70-1.65) 1.08 (0.58-2.02) 1.12 (0.70-1.77) 

Father HAD depression score >8 during pregnancy 1.09 (0.40-2.94) 1.35 (0.58-3.15) 1.05 (0.30-3.71) 1.29 (0.47-3.53) 

Maternal chronotype  1.36 (0.69-2.69) 0.89 (0.48-1.64) 0.86 (0.29-2.53) 0.92 (0.35-2.40) 

Paternal chronotype  2.42 (1.34-4.38)  0.88 (0.51-1.49) 2.86 (1.14-7.17)  0.91 (0.42-1.96) 

Child characteristics      

First child  0.27 (0.12-0.61)   0.56 (0.28-1.12) 0.47 (0.28-0.79)  0.77 (0.51-1.16) 

Boy  1.05 (0.49-2.24) 1.24 (0.62-2.47) 0.96 (0.61-1.52) 1.07 (0.73-1.57) 

Gestation age (weeks)  0.92 (0.70-1.20) 0.93 (0.73-1.19) 0.88 (0.59-1.32) 0.88 (0.63-1.24) 
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Birth weight (kg)  1.64 (0.64-4.21) 1.35 (0.58-3.15) 1.74 (0.41-7.46) 1.60 (0.48-5.27) 

Child birth seasonality Spring 1.31 (0.42-4.13) 1.08 (0.36-3.29) 1.21 (0.50-2.90) 0.92 (0.42-2.00) 

 Summer reference reference reference reference 

 Autumn 0.49 (0.19-1.29)  0.69 (0.29-1.66) 0.46 (0.22-0.96)  0.72 (0.41-1.26) 

 Winter 1.09 (0.34-3.54) 1.75 (0.61-5.04) 1.99 (0.80-4.96) 1.67 (0.78-3.56) 

Breastfeeding <26 weeks   0.89 (0.60-1.31) 0.92 (0.65-1.31) 0.98 (0.62-1.56) 0.97 (0.66-1.44) 

 

ᵃ C1: Long NSD, short DSD and low SSL; C2: Shortest NSD and DSD, highest SSL; C3: Long NSD and DSD, moderate SSL 

ᵇ Odds ratio (OR) and 95% confidence interval (95% CI).  

NSD: Night time sleep duration; DSD: Daytime sleep duration; SSL: subjective sleep loss 

 

  



 

40 
 

Appendix 1. Maternal and paternal nighttime sleep duration at each time point postpartum after deducting 30 min for child night waking (N=188) 

 
Maternal nighttime sleep duration Paternal nighttime sleep duration 

  N Mean (SD; range) N Mean (SD; range) 

3 m 172 8h18 (1h08; 4h30-12h00) 168 7h41 (0h56; 4h04-10h00) 

18 m 141 8h03 (0h50; 5h24-10h39) 137 7h46 (0h50; 5h17-9h47) 

24 m 168 8h15 (0h48; 4h30-10h43) 167 7h59 (0h44; 4h17-9h43) 

36 m 179 8h14 (0h45; 5h21-11h09) 167 7h58 (0h43; 5h00-10h15) 

*m = months 
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Appendix 2. Sleep multi-trajectories from 3 to 36 months postpartum in the SEPAGES cohort after deducting 30 min for child night waking. A) Maternal 

sleep multi-trajectories (M1-M3). 1: M1 (N=40, 21.4%), 2: M2 (N=55, 29.3%), 3: M3 (N=93, 49.4%). Lines represent mean night and weekend daytime sleep 

duration and subjective sleep loss trajectories.; B) Paternal sleep multi-trajectories (F1-F3). 1: F1 (N=71, 37.6%), 2: F2 (N=35, 18.9%), 3: F3 (N=82, 43.5%). 

Lines represent mean night and weekend daytime sleep duration and subjective sleep loss trajectories.; C) Couple sleep multi-trajectories (C1-C3). M: 

maternal, F: paternal, C1 (N=60, 31.8%), C2 (N=43, 22.9%) and C3 (N=85, 45.3). Lines represent mean night and weekend daytime sleep duration and 

subjective sleep loss trajectories.  
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 Appendix 2A 

                        

Nighttime sleep duration (hours) Weekend daytime sleep duration (hours) Subjective sleep loss (prevalence) 

 

  
 

                      

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

  Child age (month)     Child age (month)     Child age (month)   

                        
 

 

 

 

 

 

 

 

 

 

 

  

  

6,5 

7 

7,5 

8 

8,5 

9 

9,5 

0 3 6 9 12 15 18 21 24 27 30 33 36 39 

h
/n

ig
h

t 

0 

0,2 

0,4 

0,6 

0,8 

1 

0 3 6 9 12 15 18 21 24 27 30 33 36 39 

h
/w

e
e

ke
n

d
 

0 

0,2 

0,4 

0,6 

0,8 

1 

0 3 6 9 12 15 18 21 24 27 30 33 36 39 

P
ro

p
 



 

43 
 

Appendix 2B 

                        

Nighttime sleep duration (hours) Weekend daytime sleep duration (hours)   Subjective sleep loss (prevalence)   
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Appendix 2C 

Nighttime sleep duration (hours)   Weekend daytime sleep duration (hours)   Subjective sleep loss (prevalence)       
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Appendix 3. Unadjusted and adjusted multinomial logistic regression for couple sleep multi-trajectory groups with maternal weekday nap at 3 months 

postpartum included (N=188, C1 was the reference) 

  

Unadjusted model Adjusted model 

  

C2 
a 
(N=52) C3 

a 
(N=81) C2 

a 
(N=52) C3 

a 
(N=81) 

    OR (95% CI) ᵇ OR (95% CI) ᵇ  OR (95% CI) ᵇ  OR (95% CI) ᵇ  

Parental demographic factors      

Maternal education below bachelor level  1.43 (0.86-2.38) 0.80 (0.46-1.40) 2.05 (0.93-4.52) 0.77 (0.36-1.64) 

Maternal work 

qualification 

Executive or higher intellectual 

profession reference reference reference reference 

 

Intermediate profession 0.92 (0.44-1.94) 1.13 (0.61-2.09) 0.88 (0.35-2.22) 1.42 (0.64-3.14) 

 Labourer 0.86 (0.45-1.67) 0.77 (0.44-1.36) 0.53 (0.20-1.36) 0.72 (0.33-1.57) 

Parental characteristics      

Maternal age  1.07 (0.96-1.19) 1.06 (0.96-1.17) 0.98 (0.84-1.15) 0.99 (0.86-1.15) 

Maternal pre-conceptional BMI  1.11 (0.98-1.25) 1.04 (0.93-1.17) 1.10 (0.94-1.28) 1.09 (0.94-1.25) 

Mother HAD anxiety score >8 during pregnancy 1.27 (0.83-1.95) 1.36 (0.93-2.00) 1.23 (0.74-2.07) 1.37 (0.85-2.22) 

Mother HAD depression score >8 during pregnancy 0.93 (0.52-1.65) 1.05 (0.64-1.72) 0.65 (0.30-1.39) 0.84 (0.44-1.63) 

Father HAD anxiety scale>8 during pregnancy 0.97 (0.57-1.66) 1.08 (0.70-1.65) 1.06 (0.54-2.06) 1.05 (0.61-1.80) 

Father HAD depression scale>8 during pregnancy 1.09 (0.40-2.94) 1.35 (0.58-3.15) 1.09 (0.30-4.00) 1.28 (0.41-4.00) 

Maternal chronotype  1.36 (0.69-2.69) 0.89 (0.48-1.64) 0.88 (0.27-2.83) 0.98 (0.31-3.09) 

Paternal chronotype  2.42 (1.34-4.38) 0.88 (0.51-1.49) 2.53 (0.91-7.04) 0.75 (0.29-1.95) 

Maternal weekday nap during 3 months postpartum 1.28 (0.84-1.96) 1.32 (0.90-1.93) 1.84 (1.05-3.20) 3.04 (1.72-5.38) 

Child characteristics      

First child  0.27 (0.12-0.61)  0.56 (0.28-1.12) 0.47 (0.27-0.80) 0.76 (0.48-1.23) 
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Boy  1.05 (0.49-2.24) 1.24 (0.62-2.47) 0.82 (0.49-1.37) 0.82 (0.51-1.33) 

Gestation age (weeks)  0.92 (0.70-1.20) 0.93 (0.73-1.19) 0.91 (0.60-1.38) 0.91 (0.62-1.32) 

Birth weight (kg)  1.64 (0.64-4.21) 1.35 (0.58-3.15) 1.72 (0.37-8.04) 1.61 (0.40-6.48) 

Child birth seasonality Spring 1.31 (0.42-4.13) 1.08 (0.36-3.29) 1.06 (0.42-2.64) 0.78 (0.33-1.82) 

 Summer reference reference reference reference 

 Autumn 0.49 (0.19-1.29) 0.69 (0.29-1.66) 0.49 (0.23-1.03) 0.78 (0.41-1.49) 

 Winter 1.09 (0.34-3.54) 1.75 (0.61-5.04) 1.89 (0.74-4.81) 1.50 (0.65-3.49) 

Breastfeeding <26 weeks   0.89 (0.60-1.31) 0.92 (0.65-1.31) 1.04 (0.64-1.68) 1.05 (0.67-1.65) 

 

ᵃ C1: Long NSD, short DSD and low SSL; C2: Shortest NSD and DSD, highest SSL; C3: Long NSD and DSD, moderate SSL 

ᵇ Odds ratio (OR) and 96% confidence interval (95% CI).  

NSD: Nighttime sleep duration; DSD: Daytime sleep duration; SSL: subjective sleep loss 

 

 

 

 
 

 

  

 

 


